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ELECTRICALLY-SMALL,  QUARTER-WAVE,  AND  RESONANT 
MONOPOLE  ELEMENTS  WITH  DISK  GROUND  PLANES  IN  FREE  SPACE 


t  This  paper  extends  previously  reported  results  [1],  [2]  for  quarter-wave 

elements  on  disk  ground  planes  in  free  space,  to  include  electrically-small  and  resonant 
elements.  Numerical  results  are  obtained  by  utilizing  Richmond's  method-of-moments 
for  disk  ground  planes  in  free  space  [3]. 

The  geometry  is  characterized  by  only  three  parameters  when  the  parameters  are 
normalized  to  the  rf  wavelength  X:  element  length  h/X,  element  radius  b/X,  and  disk 
radius  2na/X  (see  figure  1).  The  current  on  the  outside  of  the  coaxial-line  feed  is 
assumed  to  be  zero  because  of  attenuation  by  lossy  ferrite  toroids  along  the  exterior  of 
the  coaxial  line  feed  [4]. 

The  directive  gain  pattern,  radiation  resistance,  directive  gain  on  the  horizon,  peak 
directivity,  and  elevation  angle  of  peak  directivity  for  electrically-small  elements  are 
similar  to  those  for  quarter-wave  elements  (see  figures  2-6).  The  input  reactances, 
for  electrically-small  and  quarter-wave  elements  much  larger  than  the  disk  radius,  are 
negative  and  positive,  respectively,  and  are  approximately  independent  of  disk  radius 
(see  figure  7). 

The  element  lengths  for  first-order  resonance,  first-order  anti-resonance, 
second-order  resonance,  and  second-order  anti-resonance  vary  by  as  much  as  30% 
from  the  values  of  0.25,  0.5,  0.75,  and  1.0  wavelengths,  respectively,  for  disk  radii 
greater  than  0.25  wavenumbers  (see  figures  8  and  9).  Anti-resonances  (but  not 
«  resonances)  occur  for  disk  radii  less  than  approximately  0.025  wavenumbers  (see 

figures  10  and  11). 
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Figure  1 .  Antenna  Geometry 


Figure  3.  Radiation  Resistance 


Directive  Gain  on  the  Horizon 


Figure  6.  Elevation  Angle  of  Peak  Directivity 


Figure  7.  Input  Reactance 
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Figure  9.  Input  Impedance,  2na/X  =  0.25 
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Figure  10.  Input  Impedance,  2na /K=  0.025 
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Figure  11.  Input  Impedance,  2na/\ 


